This study is based on the application of mathematical methods of statistical analysis that can be used to predict the development of motor fuel consumption in the Republic of Serbia. It is based on the linear dependence of consumption growth of motor fuel from the development of gross domestic product per capita, which is then corrected by introducing five additional influencing parameters. The model results indicate that the total consumption of motor fuels in Serbia from 2010 to 2025 will be increased by 26.5%. Individual consumption of motor fuels shows different market tendencies. Diesel fuel consumption expects to continue intensive growth to 2025, even though slightly slower than the achievements in the last decade. The current trend of declining demand for gasoline will be stopped from 2015-2016, then followed by slow growth of demand by 2025. Consumption of liquefied petroleum gasses (LPG) will enter the phase of saturation in 2015.
The prediction of energy consumption, and therefore motor fuel consumption, is an indispensable link in the process of creating long-term policies and strategies of maintaining the economic stability and development of any country. In this context, the modelling of motor fuel demand has been the subject of many studies [1] [2] [3] [4] [5] . Authors have mainly attempted to evaluate demand elasticities in relation to price and income [6--7] . Thus, the relationship between gross domestic product (GDP) and energy or oil product demand is well known [2, 4, 8] .
Current global energy consumption trends and concerns about global warming put mutually contradictory requirements. How does the expected intensive economic growth in middle income countries (Word Bank economies classification according to 2010 gross national income per capita, calculated using the World Bank Atlas method) [9] reconcile with the requirements for the rationalization of global energy consumptions? Economic growth inevitably leads to greater use of energy, and today the most common source of energy are fossil fuels. However, there are valid reasons to suggest that this contradiction could be resolved. First, in almost every case of increase in GDP, when a country evolves from a middle income to a high income country, fossil fuel consumption enters a stage of saturation [2] . Most of the countries where energy use growth is faster than the GDP are either low or middle Correspondence income countries, while in high income countries, the GDP is grows faster than energy consumption [4] . Furthermore, the increasing price of fossil fuels encourages saving, and therefore the use of alternative fuels. Also, technological progress lead to production of more economical engines that will also help in rationalizing the consumption of fuel.
The importance of forecasting consumption of motor fuels can be observed by their current share of consumption in total energy consumption. Products obtained from fossil fuels are still the dominant global energy source -from the total world consumption of energy petroleum products account for 34.3% (of which about 84% is consumed in the form of motor fuels in the transport sector) [10] . In the past several years in Serbia, these products have participated in the final consumption of overall energy with about 39%, excluding their use as a raw material in the petrochemical industry, etc. The current share of motor fuels (gasoline fuel, diesel fuel and liquefied petroleum gasses) in the national energy demand are at around 28%, and the transport sector consumes about 89% of these products [11] .
This study is based on the application of mathematical methods of statistical analysis that can be used to predict the development of motor fuel consumption in the Republic of Serbia. The designed model is based on the use of two parameters, which are generally easily available [7] . The first parameter is an economic indicator defined by GDP per capita. In order to makes this parameter even more realistic indicator of the level of standard of living in one country, it was introduced GDP PPP PC , gross domestic product per capita calculated at purchasing power parity. GDP PPP PC is expressed in dol-lars, calculated at the time of writing this paper (current international USD) [12] . The second parameter is the amount of consumption of motor fuels. The linear correlation of these two parameters in the model is modified by introducing some correction factors. Their contribution in this model was evaluated according to their specific impact on consumption and some of them according to the specifics of the transport sector in Serbia.
Therefore, the development of motor fuel consumption for one country cannot be correlated exclusively and only with the growth of GDP. Factors affecting are the level of motorization (number of registered motor vehicles) and, average fleet mileage in passenger and freight traffic, degree of modernization and growth of the fleet, technological and technical progress which leads to reduction of specific consumption of motor fuels (energy efficiency of vehicles), the number of vehicles with air conditioning, development of the relations of consumption gasoline/diesel fuel, the level of substitution of fossil fuels to alternative fuels, industrial growth, the policy of state regulations, subvention in the energy sector, tax and price policy, etc. A particularly important factor is, of course, the level of price of motor fuels -when taking into account the longer term trends, instead short term variation that has smaller impact (as is the case recently when the price of crude oil in the two-year period, driven on from 60 to 150 USD and then to 35 USD and finally in the first quarter of 2011 to 100 USD per barrel).
METHODOLOGY
A mathematical model was developed using available statistics of the Republic of Serbia, neighbouring countries and European countries that have made transitions similar to that Serbia is now undergoing, as well as data published by the relevant institutions in the energy sector and scientific and review papers. This task was initially meant to be a selection and application of analytical techniques for the analysis of past trends in consumption of motor fuels and intensity of traffic in Serbia. Then, analyzing the existing motor fuel demand projections was performed for the countries or regions of similar size and level of development, with similar characteristics of supply and demand of petroleum products, in order to reach the relevant analogy. Going forward, the identification of factors affecting the consumption of motor fuels that can be quantified based on statistical data was approached. In the absence of an adequate database from the energy and transport sectors in Serbia, some of the qualitative impact factors on fuel consumption were quantified by an assessment of particular concern, as will be explained in the part of parameter identification in this paper.
Modelling of motor fuel consumption in Serbia is based on the correction of linear dependence of the volume of total consumption of motor fuels and the level of GDP PPP PC , identified in the period of 2001--2009. Justification for the assumption of the existence of linear correlation of GDP per capita and consumption of motor fuels, in addition to the conclusions of many authors [2, 6] , can be found in time series analysis of relevant statistical data for Serbia. Figure 1 clearly illustrates the strong positive correlation of these two variables. Statistical analysis shows that the correlation coefficient between total consumption of motor fuels and GDP PPP PC is 0.94. The motor fuels taken into consideration were gasoline, diesel and liquefied petroleum gas (LPG). Corrections were done using five parameters (P 1 to P 5 ):
where D uk,j represents the total consumption of motor fuels in the year j; a and b are the intercept and slope of fitted linear dependence, respectively; P i,j are correction factors; i is the number of correction factor, 1-5; j is the year, 2001-2025. The historic volume of motor fuel consumption in Serbia was obtained from the Statistical Office of Serbia, the Serbian state energy balances and analytical documentation of the Refinery "NIS", while GDP PPP PC based on the use of data of the Statistical Office of Serbia and the International Monetary Fund (IMF).
Correction factors P i are the relevant parameters that affect on the consumption of motor fuels, derived from the analysis above mentioned influencing factors:
1) P 1 is the factor of specific fuel consumption; 2) P 2 is the average mileage factor; 3) P 3 is factor changes in crude oil price; 4) P 4 is the alternative fuels impact factor; 5) P 5 is the impact factor of vehicles air conditioning.
It should be noted that for any of the analyzed influential factors there are almost no relevant data regarding the Republic of Serbia. This has prompted several different concepts to be applied, separately or in combination: carrying out of analogies, comparative analysis, and the analysis of statistical data of other countries. Each parameter had an independent analysis according to their different nature, and therefore some are simple and others are more complex.
Parameter identification

Gross domestic product per capita calculated at purchasing power parity (GDP PPP PC )
As noted above, the GDP calculated by purchasing power parity by 2010 was taken from the Statistical Office of Serbia. For the period until 2016,the GDP were taken as forecasts of the IMF [13] . For the period after 2016, there are no projections of relevant international organizations dealing with macro-economic forecasts. Based on analogies with neighbouring countries that have made the transition and the latest projections presented in the recently launched strategy paper "Post-Crisis model of economic growth and development of Serbia 2001-2020", was adopted that from the 2017 to 2025 the GDP PPP PC in Serbia will grow at an average rate of 5.5% [13] [14] .
P 1 -The factor of specific fuel consumption
The pace of improvement of energy efficiency of motor vehicles by the end of the twentieth century was quite slow. The automobile market is dominated by the sales trend of bigger, stronger and more comfortable vehicles (such as, more often the presence of vehicles air conditioners, etc.) that use more energy per distance travelled, thus reducing the effects of savings on the basis of continuous technological and technical progress in the field of production of energy efficient engine.
From 2000 to 2005, significant progress was done in terms of increasing the energy efficiency of the vehicle engine. Specific consumption of motor fuel, measured in L per 100 km, has decreased from 2000 to 2005 from about 11.0 to 10.3 [15] [16] [17] .This corresponds to average increase energy efficiency by about 1.4% per year. Increased efficiency is the result of combining the effects of increasing fuel prices, motivation for restrained behaviour in driving and designing more fuel-efficient engines.
The increasing number of vehicles with higher coefficients of specific energy consumption in recent years, such as SUV (sport utility vehicle), failed to threaten the downward trend in specific energy consumption in transportation sector (Figure 2 ). In support of continued downward trend and environmental directives of the EU from 2009 in the specific CO 2 emissions for new vehicles [18] , projections of different institutions show further reduction in specific energy consumption at a rate of about 1.25% per year, which by 2030 could lead to an average consumption of motor fuels from 7.5 L/100 km [15] . In the analysis of specific fuel consumption in Serbia, the actual trend for the European Union (EU) was adopted, where statistics of the candidate countries for EU membership were taken in the analysis.
P 2 -The average mileage factor
In the last two decades, there has been a trend throughout Europe that the average mileage per vehicle per year decline at an average rate of 0.1% per year (Figure 3 ). Predictions are that this trend will hold in the future [17] . This trend is adopted in this analysis for Serbia.
P 3 -Factor changes in crude oil prices (Figure 4)
Numerous studies around the world contain a prediction of price movements of crude oil in the future. One of most relevant organization that deals with this issue is the U.S. Energy Information Administration (U.S. EIA). In its annual energy outlook for 2010, it provides a forecast of crude oil prices until 2035, in several different scenarios. In this analysis, the so-called "'middle" scenario has been adopted [19] [20] .
In the study "European Energy and Transport: Trends to 2030 -Update 2007" it was concluded that with doubling the price of crude oil, motor fuel price increases on average by 35%, which then leads to a decrease in sales of motor fuels by about 3.5% [17] . A similar conclusion was reached by Goodwin [6] .
P 4 -Impact Factor of alternative fuels (Figure 5)
Traditional fuels are products obtained by processing crude oil. Fossil fuels have several key shortcomings, such as limited reserves of crude oil and the fact that the process of fossilization takes millions of years. There are also problems related to environmental protection, because fossil fuels release large amounts of greenhouse gases. Therefore, it is important to serious consideration of substitution of traditional mo- tor fuels with alternative fuels, in order to protect the environment and relieve pressures arising as a result of reduction in crude oil stocks. The most commonly used alternative fuels are biodiesel, electricity, ethanol, hydrogen, methanol, natural gas, propane, etc.
In March 2006, the Council of Europe called on the leaders of European countries to meet the steps of using renewable energy sources in a plan such that by 2015, energy from renewable sources would make up 15% of total energy consumption, and by 2020, 25% [21] . As for the transport sector, the ratio of renewable fuels in the total quantity of produced fuel should reach 5% by 2015 and 10% by 2020 [22] [23] [24] .
As Serbia moves closer to EU membership, it will have to comply with all the decisions taken by EU institutions. However, Serbia has not yet been able to fully implement all the recommendations and directives regarding the dynamics of replacing fossil fuels with renewable fuels. Therefore, it is unrealistic to expect that the successful implementation of already mentioned dynamics of the replacement of fossil fuels in Serbia would be realized. All new EU members have received benefits in terms of these deadlines. Time limits and extent of substitution of traditional fossil fuels with renewable fuels in this paper for Serbia moved to 5% by 2020 and 10% by 2025.
P 5 -The impact factor of vehicles air conditioning (Figure 8)
Passenger car manufacturers provide data indicating that the use of air conditioning while driving increases fuel consumption by an average of about 6% [25] . The assessment adopted in this analysis is that the air conditioner in the vehicle is used an average of 60 days a year. This would mean, looking at individual vehicles, that the effect of using air conditioning on fuel consumption is positive and that is about 1% per annum.
In order to estimate how much the use of air conditioners in vehicles affect fuel consumption it was necessary to introduce additional information year by year: the total number of registered vehicles in Serbia, A uk,j , and the number of vehicles equipped with air conditioning, A k,j :
The total number of registered vehicles in Serbia was obtained based on the equation:
where ST j represents population number per year j; Motorization j is number of vehicles per 1000 inhabitants in a chosen year j. It was noted that the correlation of development of motorization and GDP per capita follows a sigmoid or "S curve" [26] . In the case of Serbia, the correlation of GDP PPP PC and motorization when "S curve'' is applied would look like as seen in Figure 6 .
In order to predict how A uk,j will change in the future, as motorization had already been calculated, it was necessary to predict population trends. The Statistical Office of Serbia includes the prediction of population trends in Serbia until the 2027 and for some years: 2012, 2017, 2022 and 2027 [27] .
To determine the parameter A k,j , an assessment was made providing the percentage of vehicles that have air conditioning based on the production year of vehicles, as shown in Table 1 . Then, the number of air-conditioned vehicles in Serbia was determined by the equation:
where PKA j represents percentage of air-conditioned vehicles in the year j;
A is number of vehicles in the vehicle group E l in the year j; l, 1-6, is number of vehicle group according to vehicle production year.
As there are no statistics that give age of the vehicle fleet in a given year in Serbia, a search was conducted for analogies with some European countries for which such data are available. The European Statistical Agency (Eurostat) provides such data for most EU countries for the period 1993-2007. Selected as relevant are those countries whose GDP PPP PC in the mentioned time interval was moved in the interval in which the GDP PPP PC will move in Serbia in the period 2010-2025 [13] .
Based on the age of vehicles in these countries, the age of the fleet in Serbia year by year in the period 2008-2025 was derived. The only data that were available for the motor pool in Serbia were taken from a study that was done the market research conducted by Company Synovate in Serbia in 2008 [28] . Results from this market research were most similar to achievements in Hungary. Therefore, the adopted assumption is that the age of the fleet in Serbia in the period 2008--2025 will develop as it has developed in Hungary.
Distribution of vehicles by age groups, E 0 , E 1 ,..., E 6 (which are given in Table 1 ), in each individual year during the period 2001-2025 in Serbia, is given in Figure 7.
RESULTS AND DISCUSSION
For Serbia, there is no long-term forecast of consumption of motor fuels. Therefore, development of the model presented in this paper is an attempt at "making tools" that could provide an answer to this question. The results include the total consumption of motor fuels, as well as their individual consumption, during the period from 2010 to 2025. The period from 2001 to 2009, for which statistics are available on consumption of motor fuels, was used as a control period for model validation.
The model (Eq. (1)) gives the result about total consumption, but not on individual motor fuel consumption. Consumption of individual products is obtained based on the assessment of relation between gasoline/diesel demand in the period 2010-2025, and estimates of consumption of LPG, in the same period; the sum of consumption of gasoline, diesel and LPG fuel gives the total consumption.
The ratio of consumption of gasoline and diesel fuel in Europe has been intensively monitored for last few decades [16] , and it was noticed that most countries in Europe have a similar trend [17, 19, 20] . The last decades of the twentieth century ratio of consumption of gasoline and diesel fuel went from 2.5 to 0.4 in recent years [16] , while the correlation had a decreasing S-shape [29, 30] . In order to predict how the relation- ship of consumption gasoline/diesel fuel will develop in the following period, the data from the Statistical Office of Serbia and the data on that relation in some comparative countries ( ; C g/d represents the ratio of consumption gasoline/diesel fuel; Y r is year.
In order to predict consumption of LPG in Serbia, the analogy with the data of some comparative countries was also used. The general trend in Western Europe is the stagnation of consumption of LPG and it is anticipated that this trend will continue in the future [17] . On the other hand, neighbouring countries, as well as Serbia, which belong to the group of middle income countries, have not yet even entered the stage of saturation in demand. Looking at the historical trend of LPG consumption in the high income countries of Western Europe may be the role model how to predict the development of consumption in the countries of South-eastern Europe. In almost all cases the trend of consumption has a tendency of rapid growth in the first period, then enters a phase of saturation of consumption and ultimately shortly after leads to slight stagnation of consumption [10, 31] . For example, McKay in his work modelled dependence of natural gas and GDP per capita by logistic curve [32] . Such a model of consumption of LPG was adopted in the case of Serbia. 
